Autoradiography of inhibitory and excitatory amino acid neurotransmitter binding sites in the cervical spinal cord of M. fascicularis spinal cord revealed inhomogeneous distribution of all binding sites in spinal gray matter. Quisqualate-sensitive [3H]glutamate binding, [3H]MK-801 binding, benzodiazepine binding, kainate binding, and GABA B binding had highest levels in the superficial layers of the dorsal horn (laminae 1 and 2) and substantially lower levels in other laminae.
Excitatory amino acids (EAAs) and the inhibitory amino acids, gamma-aminobutyric acid (GABA) and glycine (GLY), are important neurotransmitters within the spinal cord. EAAs are known to be neurotransmitters of primary afferents and descending projections from the brain6, 16, 17, 24, 301 , and may be neurotransmitters of some intrinsic spinal neurons H'2°. GABA and GLY are the neurotransmitters of populations of spinal interneurons t5 '26-29. An important facet of both EAA-and GABA-mediated neurotransmission is the existence of receptor subtypes with distinctive pharmacologic and physologic properties. Four types of pharmacologically defined EAA receptors and two types of GABA receptors are recognized 4,7,13,31. Among ionotropic EAA receptors, the N-methyl-D-aspartate (NMDA) receptor is distinguished by long latency, long duration depolarizations and voltage-dependent activation. NMDA receptors possess additional modulatory sites/binding sites for glycine, polyamines, and dissociative anesthetics. The a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) and kainate (KA) receptors are ionotropic receptors mediating conventional fast neurotransmission. The metabotropic EAA receptor is a G-protein coupled receptor linked to inositol phospholipid metabolism. Both the MET and AMPA receptors are activated by quisqualate. Two types of GABA receptors are recognized. The GABA_ A receptor is a heteroligomeric ionotropic receptor with additional modulatory/binding sites for benzodiazepines (BDZ) and other compounds. The GABA_ B receptor is a G-protein coupled receptor linked to modulation of ion channels and second messenger systems. Cloning of EAA and GABA_ A receptors have added another level of complexity to the classification of these receptors by revealing a wealth of different proteins underlying the prior pharmacological classification schemes.
Prior studies have described the distribution of EAA, GABA, and GLY binding sites in rodent, human, and cat spinal cord 2'8'9'12'14'18'19'29'32. Non-human primates are used frequently for studies of spinal and sensory function, but no study has described the distribution of these binding sites in non-human primate spinal cord. We used receptor autoradiography to describe the distribution of EAA, GABA, and GLY binding sites in the cervical spinal cord of the cynomolgus monkey (M.
f ascicularis ).
Six cynomolgus monkeys were anesthetized, sacrificed with cardioplegic doses of intravenous KCI, and the brain and spinal cord were extracted as described At the time of assay, spinal cords were warmed to -20°C overnight and 1-cm blocs were taken at the middle of the cervical enlargement. Twenty-micron frozen sections were cut on a Lipshaw cryostat and thaw mounted onto gelatin-coated slides. Sections were stored at -20°C until the time of assay (24-72 h). Closely adjacent sections were fixed over paraformaldehyde vapor for 48-72 h and stained with 0. 5% Cresyl violet.
EAA, GABA, and GLY binding sites were assayed with conventional techniques (Table I (Table 1) . Sections received 3 × 10 min prewashes in buffer (4°C), dried under a stream of cool air, and immersed in ligand solution for 2 h at room temperature. Incubation was terminated by washing sections for 80 min in buffer (4°C) and sections were dried under a stream of hot air.
GABA_ A binding sites were assayed by determining BDZ binding with [3H]flunitrazepam3. Sections received 3 × 10 min prewashes in buffer (4°C), and then were dried under a stream of cool air, and immersed in ligand solution (4°C) for 30 min. Incubation was terminated by one quick dip in buffer (4°C) followed by 2 x 5 min rinses in buffer (4°C), and then sections were dried under a stream of hot air. To assay GLY sites, [-~H]strychnine binding was performed 32. Sections received 3 × 10 min prewashes in buffer (4°C) and dried under a stream of cool air, and then incubated in ligand solution (4°C) for 30 min. Incubation was terminated with 4 quick dips in buffer (4°C) followed by one quick dip in distilled water. Sections were dried under a stream of hot air.
Slides were apposed to tritium sensitive film (Hyperfilm, Amersham) and exposed along with standards containing known amounts of radioactivity (ARC, St Louis, MO) for 1-3 weeks. Films were developed in D-19 (Kodak) and binding levels were quantitated with computer assisted densitometry using the MCID system (Imaging Research, St. Catharines, ONT). Regions read included the superficial dorsal horn (SDH), comprising laminae 1 and 2; the deep dorsal horn (DDH), comprising laminae 3 to 5; the intermediate region (IN), comprising lamina 6, lamina 10, and part of lamina 7; and the ventral horn (VH). Assignment of regions was made by referring to Cresyl violet-stained sections. Binding site levels across regions were com- pared with a one-factor ANOVA using the Statview I1 program (Abacus Concepts, Berkeley, CA) followed by Fisher's PLSD test for post-hoc individual comparisons. Data analysis revealed that all binding sites had a heterogeneous distribution within the spinal gray matter (Table II, Fig. 1 Fig. 1 ). Nonetheless, GLY binding site levels were. highest in the SDH (Table II , Fig. 1) .
These results are similar to prior results of binding studies in rat, mouse, cat, and human spinal cord. In all cases, both EAA and GABA binding sites have been found to be concentrated in the superficial dorsal horn, especially lamina 2 2'9'12'14'18"29. similarly, GLY binding sites have been found to be more evenly distributed throughout the spinal gray, though highest levels are generally found in the superficial dorsal horn 8'19'32. For EAA binding sites, these data are similar to the results of Tallaksen-Greene et al. in the trigeminal nucleus, the brainstem homologue of the dorsal horn 25.
These results also have some correlation with the distribution of EAAs and GABA within the spinal cord. EAAs are neurotransmitters released by primary and descending afferents, which have extensive terminal arborizations within the SDH 6'16'17'24"30. Intrinsic EAAergic spinal neurons may also be concentrated within laminae 1 and 211'2°. These results also correlate well with electrophysiologic data showing that EAA-responsive dorsal horn neurons are concentrated in the superficial laminae, where they may play a particularly important role in the transfer of nociceptive information to the central nervous system 1'22'24. The distribution of GABAergic innervation also has some correlation with the distribution of GABA A and GABA_ binding sites. Spinal GABAergic interneurons are abundant within the superficial laminae, particularly within laminae 1 and 2 15"27'29. Glutamic acid decarboxylase immunoreactivity is concentrated within the superficial layers of the dorsal horn, with highest density in laminae 2 and high levels in both laminae 3 and 4 ~5 GABA B receptors are found both as postsynaptic receptors on neurons within the superficial laminae of 
